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Objectives

» Introduction

» Evolution of the Syndromic Approach to diagnosis

» Overview of Mol Biol in Disease diagnostics

» PCR
» Multiples PCR & Gel based approaches
» Real time PCR based approaches
» Film / Bio Arrays

» Syndromic Approach to diagnosis using Sequencing
» First Gen sequencing
» Second Gen Sequencing or NGS technology (ES and WGS)
» Fourth Gen Sequencing: Long read Sequencing

» References
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Introduction

Overview of Molecular Methods in the Diagnosis of Infectious Disease

Diagnosis of Known Diagnosis of known pathogens with unknown
Pathogens mutations

ASO-probe Methods

Emerging Technologies

Denaturing Gradient Gel Electrophoresis (DGGE) Microarray Analysis.

PCR and ARMs-PCR Sanger Sequencing Next Generation Sequencing (NGS)
Restriction Enzyme Analysis Multiplex Ligation- Dependent Probe Amplification Third Gen Sequencing
(MLPA)
Gap-PCR Sequencing Fourth Gen Sequencing
Real Time PCR High Resolution Melting Curve Analysis (HRMA)

Pyrosequencing

ASO: Allele specific oligonucleotides, ARMs: Amplification refractory mutation system.
[Old J, Prevention of Thalassemias and Other Haemoglobin Disorders, 2" ed. Cyprus: Thalassemia International Federation;2012].
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Data Analysis using Rapid Bioinformatics
Taxonomic Classification of Reads
Visualizabon with Web-based Interfaces
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PCR: for
AMPLIFICATION OF
DNA Denaturation

Annealing

Extension

Kary Mullis
1944....Aug 2019

TEMPERATURE: 95°C

Nucleotide Bases

TEMPERATURE: 55°C
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® Under appropriate
experimental conditions the
DNA molecule can be
repeatedly replicated

® Kary Mullis received the Nobel
Prize in 1983 for discovering
PCR technology

® The Polymerase chain reaction
(PCR) can be used effectively
for diagnosis of infectious
disease
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One gene one Bacterium detection: TB PCR

* Any body fluid MPB 64 gene

* An example for use in infertility testing
* Ininvestigation of infertility (sample endometrium)
* Endometrium sheds in 4 weeks

* Granuloma formation for HPE diagnosis takes 4
weeks

* PCR enables diagnosis of HPE negative, Culture

negative cases of TB endometritis
* Enables early start of therapy A0 ko
* Sample of endometrium in late phase to be sent s

500 bp

1000 bp P

396 b p T
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Two genes one Bacterium detection: TB PCR

* Using MULTIPLEX PCR

* Identify two Specific i
Mycobacterium Gene Coding =3
Regions groEL & MPB 64 o

* Reduces False Positive Reports 100
Significantly

MTPX PCR groEL & MPB 64

* Highly Sensitive. Can Identify As
Low As 2.3 CFU / Per PCR
Reaction Mixture
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Two genes Two Bacterium detection

MULTIPLEX PCR FOR
RAPID DETECTION OF MRSA

315 bp

651 bp

MSSA
L1 LZ2 L3 L4

L1: Mol wit marker, LZ:-MRCNS
L3: MSSA L3:MRSA
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Transition to Real time PCR

PCR for RPO B gene Melt curve analysis

Early diagnosis of M.tuberculosis
Rifampicin resistance
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Real Time PCR & Viral Quantification

* Real Time PCR

* Increased cycles sensitivity

* Probe specificity

e Quantification of organisms
* |deal for syndromic approach

PCR Base Line Subtracted RFU
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e Respiratory Panel

* Blood Culture Identification Panel

e Gastrointestinal Panel

* Meningitis/Encephalitis Panel

e STl panel




Bacterial etiology of sexually transmitted infections at a STl clinic in Ghana; use of multiplex real
time PCR.

Sylverken AA", Owusu-Dabo EZ, Yar DD®, Salifu SP*, Awua-Boateng NY3, Amuasi JH2, Okyere PB®, Agyarko-Poku T2,

Ghana Mad J. 2016 Sep;50(3):142-148,

Real time PCR for
syndromic approach

* Real time PCR based study

*  Complementing the syndromic approach to STI management with
pathogen detection

* 200 women tested
* 78.00% of the women were asymptomatic

* 77.1% of them tested positive for at least one bacterial STI
pathogen.

*  Mycoplasma genitalium was the most commonly (67.5%)
* Of those testing positive,
*  25.0% had single infections,

* 38.0% and 19.5% had double and triple infections
respectively.

* Recognition that STIs in women are asymptomatic and regular
empirical testing even for both symptomatic and asymptomatic
patients is critical for complete clinical treatment.
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Multiplexing RT PCR

Fast Track Diagnostics/Respiratory Pathogens
21 (Fast Track Diagnostics)"

Table 5: FTD Respiratory pathogens 21 - Possible Results

Signal in Signal in Yellow Signal in Orange
Channel Channel Channel

Master Mix Pathogen

FluRhino

BoMpPf1 HPIV-1
HMPV A and B — POS —
HBoV —_ —_ POS

M. pneumoniae —_ —

HRSV A and B POS — —

HPeV — POS —

J Med Virel. 2019 May;91(5):731-737. doi: 10.1002mv.25379. Epub 2019 Jan 3.

Viral respiratory infections diagnosed by multiplex polymerase chain reaction in pediatric
patients.

Appak O, Duman M2, Belet N?, Sayiner AAT

* Atotal of 3162 respiratory samples collected from chil
e tested by two commercial multiplex real-time PCR assays
— e Respiratory pathogens detected in 1857 of the 3162
Channel (587%)
* The most prevalent viruses during the 8-year period were
* rhinovirus/enterovirus (RV/EV; 36.2%),
* respiratory syncytial virus (RSV; 19%),
* influenza virus A/B (14.7%).

* RV/EV and adenoviruses detected throughout the

- year.

* Influenza virus was common during Januar\( to March
= e RSV and metapneumovirus were also seen in the

_ same season

* The coinfection percentage was 10.2%.
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PCR Amplification and Hybridization to
Membrane fixed Probes

* Probes hybridized to membranes/ strips
* Labelled PCR amplicons hybridized
* Colours developed

e Patterns read

* Mdr Tb Testing: The GenoType"” product
series is based on DNAeStrip® Technology
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rpoB- Uni

rpoB WT 1 (511-516)
rpoB WT 2 (514-518)
rpoB WT 3 (522)
rpoB WT 4 (526)
rpoB WT 5 (533)
rpoB MUT D516V

rpoB MUT H526Y
rpoB MUT H526D

rpoB MUT S531L
katG-Uni
katG WT (315)  <mmm

katG MUT (S315T1)
katG MUT (S315T2)

PCR Amplification and Hybridization
to Membrane fixed Probes

Molecular genetic assay for Identification to Resistance to
Rifampicin and/or Isoniazid

e & |soniazid-sensitive M. tuberculosis strain

The wildtype probes show positive signal

Both mutation probes are negative
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Membrane Hybridization for Genotyping: HPV

Prominent findings
* 90 cases positive out of 220

e 25 different genotypes
* 56 had mixed infections

Citation: Kamel GG, Kumar M, Menon PK, et al. Molecular evaluation of common HPV genotypes for the patients
attending thumbay hospitals, UAE. Int | Mol Biol Open Access. 2018;3(1):1-3. DOL:
10.15406//ijmboa.2018.03.00040
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N.umber of Number —
viruses co %cases
) ] of cases e ava Cwvwn CewY e Sevs
infecting
1 34 38%
2 19 21% ot - s yoo i ol
3 13 14% 3
4 14 16% WVE Ve NT WS Ve Odfee
5 6 7%
6 2 2%
7 1 1%
10 1 1%
Total 90 100%

HPV genotypes % Cases
66/68 17%

51 16%

6 15%

16 11%

43 /44 6%

33 5%

52 4%
31,33,53,42, 31,56 3% each
18,11, 45 2%
Others (26/84, 35, 39,
40/61,54/55,57/71, |1% each
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Membrane Hybridization Syndromic

Multicenter Evaluation of BioFire FilmArray Respiratory Panel 2 for Detection of Viruses and
Bacteria in Nasopharyngeal Swab Samples.

Leber AL', Everhart K2, Daly JA®, Hopper A%, Harrington A* Schreckenberger P*, McKinley K*, Jones M5, Holmberg K7, Kensinger B°.

FilmArray® Respiratory Panel

Viruses

Adenovirus Parainfluenza 1
Coronavirus HKUT Parainfluenza 2
Coronavirus NL63 Parainfluenza 3
Coronavirus 229E Parainfluenza 4
Coronavirus OC43 Respiratory Syncytial Virus

Human Metapneumovirus
Human Rhinovirus/Enferovirus Bacteria

Influenza A Bordetella pertussis

Influenza A/H1 Chlamydophila pneumoniae
Influenza A/H3 Mycoplasma pneumoniae
Influenza A/H1-2009

Influenza B

| Overall 95% Sensitivity and 99% Specificity! |

A multicenter evaluation of 1,612 prospectively
collected NPS samples

The overall percent agreement between the
FilmArray RP2 and the comparator testing was
99.2%.

Positive percent agreement of 91.7%

A negative percent agreement of >93.8% for all
analytes.
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e The first method of sequencing introduced in
1977 by Frederick Sanger.

Generations of DNA sequenc
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Second Generation

N\

e Single molecule Sequencing.

e Includes Pac Bio “SMRT” (Single-Molecule sequencing in Real
Time) in 2011 / Helicos tSMS.

Third Generation
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Sanger Sequencing —

* The dideoxy method of DNA "=
sequencing developed by Sanger et
al. 1977

* DNA polymerases incorporate
deoxynucleotide bases.

* The dideoxynucleotide lacks a 3'-
hydroxyl group so further —
elongation of the chain is 0040470
prevented "

* Chain elongation is terminated
selectivelyat A, C, G, or T.

20
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Fred Sanger
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Sangers (contd)

* First Gen Sequencing is primarily used READING DNA: DETERMINING DNA SEQUENCE
for sequence detection, mutation B s
analysis and genotyping in case of |

B in . using ddA

known Sequences I Fluorescent label \ B in . usingddT
on primer

* Not suitable for syndromic approach | s
for disease diagnosis —c e J e

- _1|c =]

* Second generation sequencers offer a T A e —_ | s
good platform for syndromic Y B — | scacorsar
approaches as well as quantitative v labmred ]l em |
metagenomics R PN —

e Third (? Fourth) generation _ A —
sequencers may be the future of rapid ek —
infectious pathogen diagnosis by .
offering non amplified direct reads ——
from Isolated DNA and fluorescence emission

Sanger Sequencing

22


final sangers.mp4
final sangers.mp4

&)

St
purehealth

@ JAMA Network'

From: Next-Generation Sequencing of Infectious Pathogens

JAMA. 2019;321(9):893-894. doi:10.1001/jama.2018.21669

-

| Clinical diagnosis of infectious disease

EPIDEMIOLOGY

p

LABORATORY PROCEDURES

e Disease population surveillance : : = Sample collection and isolation
» Disease outbreak investigation « Traditional identification

and resistance testing

| ' '

SEQUENCING AND BIOINFORMATICS

Next-generation sequencing
e PCR amplification

Reference ® Sequence assembly Reference
genome ® Pathogen identification genotype
database I database
v v v v
e Comparative genomics » Clinical genotyping
* Phylogenetic analysis (eg, virulence,
antimicrobial resistance)

' 1) v ‘

PUBLIC HEALTH ACTION

CLINICAL MEDICINE ACTION

Infection control and prevention Individual patient treatment

Workflow
Transforming
Pathogen Genome
Sequence Data Into
Actionable
Information

Date of download: 10/15/2019 Copyright 2019 American Medlpal Association.
All Rights Reserved.
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Massively Parallel Sequencing (MPS)

Principle of MPS: Types of MPS:

* The concept behind MPS technology is similar to the Sanger 1. Illumina (Solexa) sequencing (Sequencing by
method- synthesis).

« DNA is cut into multiple small fragments 2. lon Torrent semiconductor sequencing.

« DNA polymerase catalyzes the incorporation of fluorescently 3. 454 pyrosequencing (Roche 454 system).
labeled deooxyrlbonucleothle trlphosphgte (dNTPs) in to a 4.  SOLID sequencing (Sequencing by ligation).
DNA template strand during sequential cycles of DNA
synthesis.

 During each amplification cycle, incorporation of
nucleotides is identified by different technologies.

* The data derived is analysed by computers by alignment of
overlapping sequences
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Two NGS technologies currently popular

ductor based
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lon Torrent Semiconductor Sequencing

* |on Torrent was released at the end of
2010.[8,10]

* |t uses semiconductor Chip.

* When a nucleotide is incorporated into
the DNA molecules by the polymerase, a
proton is released.

* By detecting the change in pH, PGM
recognized whether the nucleotide is
added or not.

* Each time the chip was flooded with one
nucleotide after another.

5" w—

Principle and Elements of Semiconductor Sequencing

Simple Natural Chemistry of Sequencing-by-Synthesis with H* release detection

4dNTPs

Example:

Bulk

Sensing Layer
Sensor Plate

Drain Source

Silicon Substrate

AV

TCGTACC..

Single pH Sensor

Chemical to Digital Sequence

Sequencing Chip

Semiconductor Packaging

oo e

5% DL OO
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Two NGS technologies currently popular
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Reversible Terminator (HiSeq, MiSeq, NextSeq)

Cluster generation on a flow-cell surface

FRAGMENTS BECOME DOUBLE DENATURE THE DOUBLE.STRANDED COMPLETE AMPLIFICATION
ATTACH DNA TO SURFACE BRIDGE AMPUFICATION STRANDED MOLECULES




Metagenomic sequencing can be used for detection of any pathogens using unbiased,
shotgun next-generation sequencing (NGS), without the need for sequence-specific
amplification.

* Proof-of-concept has been demonstrated in infectious disease outbreaks of unknown
causes and in patients with suspected infections but negative results for conventional
tests.

* Metagenomic NGS tests hold great promise to improve infectious disease diagnostics,
especially in immunocompromised and critically ill patients.

 Examples from 2 separate validation studies are provided for steps from assay design,
and validation of wet bench and bioinformatics protocols, to quality control and
assurance.

Arch Pathol Lab Med. 2017 Jun; 141(6).776-786. doi: 10.5858/arpa.2016-0539-RA. Epub 2017 Feb 7.

Validation of Metagenomic Next-Generation Sequencing Tests for Universal Pathogen Detection.

:'".Zaiaergﬂ". Chiu CY', Miller 8", Procop GW', Weinstock G Professional Practice Committee and Commitiee on Laboratory Fractices of the Amencan
Siociety for h’.n:rnl:l.nl-ng-,ﬂ: Microbiology Fesource Committee of the College of American Pathologists ".




s Ny “AY N
) ciehealt

J Med Microbiol. 2019 Jul:68(7):996-1002. doi: 10.109%)jmm.0.000963. Epub 2019 May 2&

Detection of respiratory pathogens in clinical samples using metagenomic shotgun sequencing.

Qi C¢'. Hountras P, Pickens CO#2, Walter JMZ, Kruser JM?, Singer BD?, Seed P*°, Green SJ%, Wunderink RGZ.

* Shotgun metagenome sequencing (SMS) strategy on BAL samples
from hospitalized patients with suspected VAP

* 67BAL samples from patients with VAP were tested
* SMS detected all pathogens recovered by cultivation approaches.

* In addition, putative pathogens other than the organisms recovered
by culture were detected by SMS in culture-positive samples.

* In 40 of 45 (89 %) culture-negative samples, a potential pathogen was
detected by SMS.

* SMS is able to detect bacterial, fungal and viral organisms in BAL,
including culture-negative cases.
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the human gut microbiome.

Sample : Reference 43 Bioinformatics &
Sequencing . Gene profiling o I
collection construction statistics ana ys5es

20 million Gene counts
sequences individuals Relate to
Mapping to _ ESm—T— human data
- .ie . ... gene catalog ¥ i3 R Ty ey . :
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- Gene normalization
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Known & reduction v ilile Min o
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prediction models
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Bioinformatics for gut microbiota

metagenomic analysis.

16S rRNA amplicon
Taxonomic binning

OTU-681 GGTAATACGGAGGATTCAAG...

Reference databases
GGTAATACGGAGGATTGAAG...

i e OTU-002 GGTAATTCGGAGGATTCAAG...

——— » GGTAATTCGGTGGATTCAAG.. +| RDP

| ot GGTAATTCGGAGGATTC TAG..

<t o OTU-003 GCTAATACGGAGGATTCAAG.. SV
GCTAATTCGGAGGATTCAAG... Greengenes

) 4

(/ Functional composition
protein—protein interaction
- metabolic network

Taxonomic abundance Species interaction — pe=

d L S

Reference catalogs

- T

Binning NCBI nr - :
P °:8<§> EE) | KEGG = -
Ooo o 80 eggNOG

IGC t

MEDUSA gene catalog

L Assembly ‘ Contigs ‘ Gene prediction # Protein families

functional annotation

Whole-genome shotgun

The taxonomic assignment can
be inferred by similarity-based
or composition-based methods. |

With the taxonomic assignment
of sequences, the species
abundance can be characterized

In the 16S rRNA-based approach,
the function of the community
can also be predicted using
reference genome databases.
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Gut Microbiome: Mongolia Microbiome Project

Monglia Microbime Project

Il European
Hl Hans
IR Mongolian
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Sci Rep. 2016; 6: 34826
Published online 2016 Oct 6. doi: [10.1038/zrep34526] PMID: 27705392

110 healthy Mongolian adults gut microbiota by shotgun
metagenomic sequencing

Data Compared with the intestinal microbiome among Mongolia
the Hans and European cohorts.

Actinobaceria and Bifidobacterium were the key microbes
contributing to the differences

Metagenomic species analysis indicated that Faecalibacterium
prausnitzii and Coprococcus comes were rich in Mongolian people

The enriched genus Collinsella, a biomarker in symptomatic
atherosclerosis might be associated with the high morbidity of
cardiovascular and cerebrovascular diseases in Mongolian adults

PMCID: PMCS052615

Unique Features of Ethnic Mongolian Gut Microbiome revealed by
metagenomic analysis

Wenjun Liu, " Jiachao Zhang,-" Chunyan Wu,%" Shunfeng_Cai ? Weigiang Huang,! Jing_Chen,? Xiaoxia X,

Zebin Liang.2 Qiangchuan Hou, 1 Bing Ehnu,z MNan 'E}in,a-:3 and Heping Ehangb-1

Author information = Article notes = Copyright and License information = Disclaimer
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OMICS. 2019 Oct:23(10):477-435. doi: 10.108%omi.2019.0063.

New Insights on Obesity and Diabetes from Gut Microbiome Alterations in Egyptian Adults.

Salah M'. Azab WM<, Ramadan A>, Hanora A2,

* Examined differences in gut microbiome in Egyptian adults from Egypt.

* Four study groups:

1. Controls (C) with a normal body mass index, without obesity or diabetes,
2 Obese adults (O) without diabetes,

3. Adults with diabetes (D) who are not obese, and

4 Adults who are both obese and diabetic (OD).

* 16S ribosomal RNA (rRNA) gene sequenced using the Illumina MiSeq platform.
* Ratio of Firmicutes/Bacteroidetes (F/B) displayed a remarkable increase in (OD) than controls.
* Faecalibacterium (p < 0.05) and Akkermansia (p < 0.001) distinguished (O) from controls,

* Fusobacterium (p < 0.001) and Bacteroides (p < 0.001) was significantly more abundant in (OD)
compared with D.

* Obesity and diabetes were associated with remarkably enriched populations of Firmicutes and
Bacteroidetes.

* The abundance of Fusobacterium is worth further research and exploration as a candidate biomarker
for prediabetes especially in obese individuals.

* The potential antihyperglycemic activity of the gut microbiota is also noteworthy for future studies in
other world populations.
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The process of Nanopore Sequencing
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Nanopore sequencing
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Applications

e 440 publications in 2016  Laver T et al. in February 2015 assessed the
o _ performance of the Oxford Nanopore
* 1328 publications in 2019 Technologies MinlON by re-sequencing three

bacterial genome from ATCC for Streptomyces
avermitilis (ATCC 35210), Borrelia burgdorferi
(ATCC 31267) and Escherichia coli (ATCC
10798). (7)

* “We found that this device, which is the size of
a USB stick, could detect the bacteria in
heavily infected urine and provide its DNA
sequence in just 12 hours. This is quarter of
the time needed for  conventional
microbiology.”-Dr. Justin O’Grady from UEA’s
Norwich Medical School.
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Emerging Technology

nawre International weekly journal of seience

Home ‘ Mews & Comment | Research | Careers & Jobs | Cument lssue | | Audio & Video
! PMC v | nanopore, sequencing 2016 ARTICLE PREVIEW
H?ﬁ:‘.’.’f;ﬂi}"é’;‘*;“"* Save search Joumal List Advanced R R
view full access options »
Article attributes Display Settings: + Summary, 20 per page, Sorted by Default order Send to:
Author manuscripts
Digitized back issues NATURE | LETTER -< I
Open access Search results
Retracted =
elracte Items: 1 to 20 of 440 Page [1 |of22 Nedt= Last== BESES

Text availability
Include embargoed articles ¢ Did you mean: nanowire. sequencing 2016 (129 items)
Publication date

1year 1 Single molecule detection with graphene and other two-dimensional materials' nanopores and Real-time, portable genome SequenCing for EbOIa

5 years - beyond .
; Hadi Arjmandi-Tash, Liubov A Belyaeva, Grégory F. Schneider n " |I
10 years
Custom range... Chem Soc Rev. 2016 Feb 7; 45(3); 476—493. Published online 2015 Nov 27. doi: 10.1039/c5cs00512d Su e' a nce
PMCID: PMC4766581
Research Funder Article PubReader Citation

Joshua Quick, Nicholas J. Loman, Sophie Duraffour, Jared T. Simpson, Ettore Severi,
Lauren Cowley, Joseph Akoi Bore, Raymond Koundouno, Gytis Dudas, Amy Mikhail,
Nobila Ouédraogo, Babak Afrough, Amadou Bah, Jonathan H. J. Baum, Beate Becker-Zia
Jan Peter Boettcher, Mar Cabeza-Cabrerizo, Alvaro Camino-Sanchez, Lisa L. Carter,

Juliane Doerrbecker, Theresa Enkirch, Isabel Garcia- Dorival, Nicole Hetzelt, Julia
Hinzmann, Tobias Holm + etal.
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point-of-care

e Consensus sequencing for high
accuracy

* Analysis of infectious agents at
* Nanopore detection in space

* Aneuploidy detection

Applications

seguencing

* Detection of base modifications
advances

* Real-time targeted sequencing
* Bioinformatics and platform

* Direct RNA sequencing
* Single molecule protein
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Conclusions

Rapid evolution of technology
PCR based procedures were used initially for rapid diagnosis of single pathogens

Multiplex PCRs enabled us to look at multiple genes within the same bacterium
and also distinguish genotypes

Real time PCR helped truly multiplex and quantify pathogens
Probe hybridization of amplicons was the next step to a syndromic approach

DNA sequencing using NGS enabled us to identify the genotype of unknown
pathogen without using pathogen specific primers

NGS also helped in metagenomic analysis of mixed bacterial populations

Long read sequencing now promises to be the future of pathogen identification
by providing ultra short protocols for pathogen identification

L



st Hcy kid! Wama be 4 Sowbgp
itk sone of this info your genome..
Euen penicilin wiont be able To ham you..

www.purehealth.ae



y A oA
Q}purehegm

www.purehealth.ae



o Sy Ay o
Q} purehealth

References

* Hoffbrand AV, Moss PAH. Essential Haematology, 6th ed. Wiley-Blackwell; 2011.

* Bain BJ, Bates |, Laffan M, Lewis SM. Dacie and Lewis Practical Haematology. 11th ed. London (UK): Elsevier Churchill Livingstone; "
2012.

* Charfeddine IB et al. Multiplex Minisequencing of the HBB Gene: A Rapid Strategy to Confirm the Most Frequent b-Thalassemia
Mutations in the Tunisian Population. Hemoglobin. 2011;1-5.

* Baysal E. Molecular basis of B-thalassemia in United Arab Emirates. Hemoglobin. 2011; 35(5-6):581-8.

* Mahdieh N, Rabbani B. Beta thalassemia in 31,734 cases with HBB gene mutations: Pathogenic and structural analysis of the
common mutations; Iran as the crossroads of the Middle East. Blood Rev. (2016), http://dx.doi.org/10.1016/j.blre.2016.07.001.

* Khawla M, Abdulrahman M, Rafeeiah F. Haemoglobinopathies Carrier Prevalence in the United Arab Emirates: First Analysis of the
Dubai Health Authority Screening Program Results. Informa Health Care. 2013; 37(4):359-68.

* 0ld J, Prevention of Thalassemias and Other Haemoglobin Disorders, 2" ed. Cyprus: Thalassemia International Federation;2012.

* LiuL et al. Comparison of Next-Generation Sequencing Systems. Journal of Biomedicine and Biotechnology. 2012; 2012: 11-23.



oy A9 N
Q) purehealth

References (Cont’d.)

S.M. Hassan et al. Molecular diagnostics of the HBB gene in an Omani cohort using bench-top DNA lon Torrent PGM
technology Blood Cells Mol. Diseases. 2014; http://dx.doi.org/10.1016/j.bcmd.2014.05.002.

* Owen T et al. Comprehensive and Efficient HBB Mutation Analysis for Detection of -Haemoglobinopathies in a Pan-Ethnic
Population. Am J Clin Pathol 2010;133:700-707.

* An introduction to Next- Generation Sequencing [Internet]. US: illumine ; 2016 [cited 2016 May 25]. Available from:
http://www.illumine.com/technology/next-generation-sequencing.html.

* Tan M et al. Application of Next Generation Sequencing to Screen the Neonatal Thalassemia Genes. Zhongguo Shi Yan Xue Ye
Xue Za Zhi. 2015 Oct;23(5):1404-9.

* Deamer DW et al. nanopores and nucleic acids, prospects for ultrapaid sequencing. Trends biotechnol.2000;18:147-51.
* Chruch G et al. Measuring physical properties. 1998.
* FengY et al. Nanopore based fourth generation DNA sequencing technology. Genomic Proteomics Bioformatics.2015;13:4-16.

* Lazlo AH et al. Decoding long nanopore sequencing reads of natural DNA. Nat Biotech.2014;44:829-33.



o Ny Ay N
Q} purehealth

References (Cont’d.)

 Wendell D et al. translocation of double stranded DNA through membrane adapted phi29 motor protein nanopores.Nat
Nanotech.2009;4:765-72.

* Cheley S et al. Stochastic sensing of nanomolar inositol 1,4,5-trisphosphate with an engineered pore. Chem
biol.2002;9:829-38.

e Laver T et al. Assessing the performance of the Oxford Nanopore Technologies MinlON. BioMol Detc and Quan.2015;3:1-8.

e Wei S et al. Rapid short read sequencing and aneuploidy detection using MinlON Nanopore
technology.Genetics.2015;202:37-4.

* Greninger Al et al. Rapid metagenomic identification of viral pathogens in clinical samples by real time nanopore
sequencing analysis. Genome Medicine.2015;1:99.

* Norris AL et al. Nanopore sequencing detects structural variants in cancer. Cancer Bio and Therapy.2016;17:246-3.




